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,I ! I '  
. . Subject: ~ ~ d r a u l i c  downpull studies c!f the fi:xed-wheel spillway 

gates for Red Bluff Diversio' 
ect, California 

Studies were conducted to determine 
60-foot-long by 18-foot-hi 
mounted spillway gate duri 
operation. 

CONCLUSIONS 

Conclusions Based on Preliminary Tests and 1nvestig?.fi& 
... 

1. The buoyant characteristics of the gate were determined with 
respect to depth of submergence (Figure 10). This relationship is 
complicated because of the structure of the gate. .. ,, 

2. Surface tension did not interfere in the measurem,ent of vertical 
forces on the model gate during flow tests becacse the oscillating 
water surface tended to average out tension forces. 

3. Vibration phenomena cannot be scaled from the model because 
the equivalent gate mass  was not represented in the model and it 
was impossible to scale all forces applied to the vibrating system. 

Conclusions Based on Fixed-mode Tests  

1. The coefficient of discharge pf this gate w a s  conveniently ex- 
pressed a s  a function of the headwater parameter (Hi /b) and the 
tailwater parameter (H2lb). The interrelationship of these param- 
e te rs  a s  determined from the model i s  shown in Figure 11A. 



- 
parameter (Sib) is related to the tailwate; and headwater iparameters. 

3. The pressure head on the bottom of the gate lip is equai to the 
submergence head at the downstream face of the gate. This phe- 
nomenon i s  clearly demonstrated in Figure 11C. 

4. Using the relationship a s  stated in Paragraph 3 ,  the lip pres- 

( - s was computed. The interrelation- sure head coefficient pavg - b, 
ship of this coefficient with respect to the headwater and tailwater 
parameters i s  given in Figure 11D. 

5. The combined vertical forces of buoyancy and gate lip pressure 
were computed and plotted as  solid lines in Figure 12 .  The effects 
of truss drag, skinplate drag, slot jetting, and compartmentation 
of a i r  or water cannot be determined from the fixed-mode dzta. 

.\ - \ i .\ 
Conclusions Based on Freely Suspended Mode Tests ,,j 'a, 

\, .. . 
1. Horizontal forces, a s  measured, agreed closely with tho? 
normally computed by designers. ~ t *  x ., & '. . . . ~ 

2. Slot jetting had considerable influence upon the magnitude of ',:+:, 
the total vertical forces on the gate and was highly sensitive to .. , "'-~, 
headwater, gate opening and submergence. Forces from slot jet- 
ting can be either uplift due to impingement on the underside of the 
web membranes o r  downpull due to compartmentation of water on 
top of the web membranes. 

3. The slot jetting was caused mostly by the expansion and deflec- 
tion of the main flow into the slot region below the gate lip rather 
than by leakage necessary to keep the gate free and floating for 
vertical force measurements. 

4. Comparison of the fixed-mode data with the floating-mode data 
in Figure 1 2  shows that the net result of slot jetting contributes 
uplift. The two sets  of curves in Figure 1 2  shows that maximum 
downpull will occur during unsubmerged flow. 

5. The maximum downpull force for the design head of 18 feet, 
measured by the wei hing method was 13,000 pounds at a gate 
opening of about 5-1 4 znches prototype and occurred at free dis- 
charge (Figure 15). 

f .  



The nature of the r iver downstream from the dam is such that at 
large flows the water surfaze wi l l  be above the spillway cres t  and 
wi l l  back up and submerge the gates. An upstream seal gate of 
conventional design with solid web beams would experience large 
downward forces during submerged operation because of the pres- 
sure differential resulting from reduced pressures under the lower 
beam due to the flowing water and positive pressures above the 
beam due to tailwater. Similarly, large downpull forces would be 
experienced with a downstream seal gate of conventional design 
for this installation. Large downpull forces were undesirable be- 
cause of the extra costs for gate handling equipment, hoists, cables, 
and operating bridges. 

An unusual design was adopted for the gates using an upstream 
skinplate and seals, and open, free-draining trusses made of 
2-7 18- and 2-3 18-inch-outside-diameter pipe on the downstream 
side (Figure 3). This construction was expected to greatly reduce 
the downpull forces when the tailwater is high enough to cause sub- 
merged flow. 

For design purposes i t  was necessary to know the magnitude of the 
downpull forces. An analytical evaluation would necessarily in- 
volve a number of unknowns and would be uncertain. An hydraulic 
model study on a 1 : 18. 6 scale was therefore conducted. 

Because of the unique design of the gate and the expected submerged 
flow condition, a weighing technique was used to determine the over- 
all forces. Piezometric pressure measurements at selected points 
permitted separating those forces due to the lip and bottom seal  
from those of other sources. 
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The model sca le  w a s  selected to keep the discharges  within a con- 
venient range of laboratory pump capacity and to  provide a l a r g e  
enough gate for  good hydraulic similitude. The determination of 
the d rag  forces  on the pipe- t russ  m e m b e r s  and rhe separation of 
these forces  f rom the l ip  s ea l  fo rces  was considered the key l o  t he  
study. The exact value of 1:18. 6 was  determined by these consid- 
erations,  and by the dimensions of the telescoping b r a s s  tubing 
available for modeling the t russ -p ipe  members .  

Gate -- 
The gate was fabricated using galvanized sheet  s teel  to  fo rm t e e  
sections, angle i r o n  bracing, the l ip  seal, and the skinplate. Hard- 
drawn b r a s s  tubing, sealed at the i r  ends, represented the pipe mem-  
b e r s  of the t r u s s e s  (F igures  4 and 5). Only the t h ree  lower  t r u s s e s  
were  built in  the model gate because the ta i lwater  would never  r i s e  
high enough to  affect higher t ru s se s .  Whc:els, which would-not sig- 
nificantly influence the downpull forces,  we re  omitted. All other 
pertinent m e m b e r s  such a s  deflector plates, stiffeners, etc. ,  were  
included on the gate. Four  piezometers  were  placed in  the gate 
bottom, o r  l ip  seal, l o  determine p r e s s u r e s  acting under this  su r -  
face  (F igures  4 and 5). Solid plate web m e m b e r s  a r e  a t  the slot  
ends of the gate. These members ,  in  conjunction with the t e e  flanges 
and vertical  end plates, fo rm compartments  which could t r a p  water  
o r  air. To  prevent th i s  possibility, d ra in  holes were  dr i l led as 
shown in  F igure  4. 

F lume and Head B o s  

A 25-foot-long flume, 20 inches deep and 44 inches wide, was used 
to  represen t  approach and downstream conditions for  1 bay of the 
10-bay spillway. The  flume was constructed of 2- by 4-inch f r a m -  
ing and 1 -inch siding. The flume was lined with sheet  meta l  to  
make it watertight, and was equipped with suitable piping and an 
8-foot wide by 8'foot long by 5-foot 8-inch deep head box to pro- 
vide good flow conditions (Figure  6). 

P i e r s  and Overflow Spillway C r e s t  

Since the model represented one bay of the prototype, half p i e r s  
made of waterproofed wood were installed a t  each end of the bay, 
F igure  6. The  portion of the  overflow spillway above elevation 
230.00 feet  was represented i n  the flume and was  formed of con- 
crete .  The prototype drawing of the overflow weir  and p i e r s  ap- 
p e a r s  in  F igure  7. 



Generally, in gate downpull studies, the method of pressure deter- 
mination by piezometers is preferred over the weighing technique. 
This preference is due to difficulties in accounting for mechanical 
friction forces of rollers, wheels, seals, and for leakage if  the 
gates are  licted_cJear of the tracks. However, the determination 
of the total verticai forces by pressure readings was considered 
virtually impossible for the Red Bluff gate because of the open 
t russes  reinforcing the gate. Therefore, the weighing method was 
selected and pressure n~easurements were obtained at selected 
points on the gate for certain additional information. 

The weighing system included a horizontal flexure bar, rigidly sup- 
ported at the center and connected to the gate at the ends, and strain 
gages to measure flexural deflections (Figure 8). The entire weigh- 
ing system could be lowered o r  raised by means of threaded rods 
and nuts to adjust the gate opening. 

The flexing bar was milled from a 40-1 14- by 2- by 314-inch brass  
bar. The length of each cantilevered end of the bar was 13-318 
inches and was milled down to one-fourth inch. At the fixed ends 
of the cantilevers were two 120-ohm, 114-inch bonded strain gages; 
one was attached on the top surface and the other on the botton, sur-  
face of the flexing arm. The four strain gages were connected i n  
ar, external four-way additive and self-temperature compensating 
bridge and connected to one channel of a recorder. A switching c i r -  
cuit was devised so that readings of each arm could be recorded 
separately in half-bridge circuits in two other channels of the re- 
corder using internal dummies. The bridge and switching circuits 
are shown in Figure 9A. 

The brass  flexing bar and the bonded strain gages were found to 
be linear with respect to applied weight. The system was cali- 
brated so that 1 pound of vertical force deflected the stylus 10 mm 
on the recorder chart. 

To assure that the gate was not in contact with the gate tracks o r  
projecting seal seats  during weighing (Detail P, Figure fi), a hori- 
zontal harness system w a s  developed. This system consisted of 
tensioned piano wires attached at the wheel point elevations of the 
gate. The wires were kept horizon~al and in line with wheel ele- 
vations by adjustable pulleys mounted in the head box (Figure 6). 
The horizontal tension in the wires was adjusted to hold the gate 
in an upstream position, but just f ree  from contact with the pro- 
jecting seal seats. This placed the gate in i ts  normal operating 
plane and avoided friction forces. 



To measure wheel loads of the gate, a brass  iube was inserted in 
the main wire of each horizontal harness system. Four 120-ohm, 
114-inch bonded strain gages were attached to each tube. The 
gages were paired off at 180" an6 connected in series. Dummy 
gages were made in the same manner and were placed in the head 
box so that they would not be strained, thus compensating for tem- 
perature. The pairs of gages were connected into a bridge circuit 
a s  shown in Figure 9B. Since the individual members of the pairs  
of gages were placed 180° with respect to each other, the measur- 
ing system was compensating in regard to bending forces on the 
tubes. The tubes were calibrated so that 1 pound of horizontal 
force would deflect the stylus 0. 8 mm on the r e c o r d i n ~  chart. 

Discharge Measurements 

Discharge measurements were obtained by means of a calibrated 
venturi meter bank which is an integral part of the permanent hy- 
draulic laboratory installation. 

TESTING PROGRAM 

General 

Before installing the model gate in the flume, preliminary measure- 
ments and investigations were conducted. The buoyant force on the 
gate was measured for the range of submergences included in the 
study. The effect of surface tension was investigated for scaling 
interference. The possibility of scaling vibration phenomena from 
this particular model was also investigated. 

After the preliminary measurements and investigations, the gate 
was installed in the flume and two basic modes of testing were con- 
ducted. One mode was with the gate fixed or wedged into i t s  nor- 
mal upstream position within the gate slot. Hydraulic characteris- 
tics, such a s  coefficient of discharge, lip pressure, and depth of 
submergence were determined with the gate fixed at  various gate 
openings (Table I). The other mode was with the gate freely sus- 
pended on the harness system in a manner so that vertical and hor- 
izontal forces on the gate could be measured without interference 
of bearing or  seal friction forces. Care was taken to insure that 
the gate was not allowed to move downstream far  enough away from 
the seal seat projectiuns to allow excessive flow around the sides. 
Data obtained in this manner are  compiled in Tables I1 and 111. 



Preliminary Tests and Investigations 

Buoyancy determination. There a r c  tnree common methods of 
determining the buoyant force characteristics of a zate. The f irst  
is a detaile2 computation of the volume of the strucTural parts  of 
the gate. This method would he cumbersome for the Red Bluff gate. 
The second is to actually weigh Lhe gate in a i r  and at vario7-1~ de- 
grees of submergence. Thc t h i r d  is to rncasure the volume of water 
displaced at various depths of submergence. The volume displace- 
ment method was selected because of convenience and small influ- 
ence of interfering factors such as  surface tension. 

The volume of water displaced by the gate at various depths of sub- 
mergence was determined by a pressure cell that was calibrated 
to t race  the volume of water displaced a s  the gate was slowly low- 
ered into a tight-fitting prismatic tank. A wetting agent was added 
to the water to reduce the surface tension effects. A continual rec-  
ord of the gate elevation was concurrently obtained by a linear po- 
tentiometer geared to the gate. The buoyant force was then com- 
puted from the volume of displaced water and was plotted versus 
the depth of submergence (Figure 10). 

Consideration of surface tension. In the prel imkary stages of 
this model study, surface tension was expected to have significant 
effects on the vertical force measurements of the model gate. Sur- 
face tension was significant for rneasurements obtained with the 
water surface static o r  for the condition when the water surface was 
continually moving in one direction with respect to the gate trusses. 
However, when flow is passing through the trusses, a s  i t  will in the 
Red Bluff gates, the water surface is continually oscillating. This 
surface fluctuation causes the surface tension force on m y  part  of 
the gate to oscillate between receding and ascending regimes, re-  
sulting in negative and positive forces. If the water surface oscil- 
lation i s  symmetrical with respect to the mean water surface ele- 
vation, tine positive and negative surface tension forces a r e  nulli- 
fied. This condition prevailed in the tests  and surface tension 
forces were not a significant factor. 

Consideration of vibrations. The possibility of undesirable vibra- 
tions is of concern in theTes im of a gate. It is impossible o r  ex- 
trernely difficult to predict byUdesign calculations the magnitudes 
of the vibration forces in a structure a s  complex a s  these gates. 
Two Types of vibration are  possible; vibration of the gate as  a unit, 
and vibration of individual gate components. In most studies, com- 
ponent vibration is not considered. When vibration a s  a unit i s  
considered, the mass  of the system must scale a s  the cube of the 
length ratio and the spring constant of the vertical suspension sys- 
tem must scale a s  the square of the length ratio. The sum of the 



mass of the model gate and flexing bar  could not be scaled because 
of the limitations of materials for fabrication. A further hindrance 
to scaling was the necessary absence of guide rollers, the flap- 
type gate seals, and wheel f r i c~ ion  during weighing. For the Red 
Bluff gate studies, therefore, the possibility of scaling of vibrc:tion 
was sacrificed. 

Another source of scaling d~screpancy i s  the problem of scaling 
viscous dampening. This problem is accentuated by submergence 
of the pipe members of the bow trusses. A Reynolds correction 
lnust be interjected into the study in order to scale viscous damp- 
ening forces. Consequently, no inference of the response of the 
prototype gate to flow induced oscillations can be made from the 
model gate. However, no troublesome surging of the flow was ob- 
served visually nor detected during piezometer readings. 

Fixed- mode Tests 

The hydraulic characteristics of the gate were determined from 
analyses of the fixed-mode model data i n  terms of dimensionless 
parameters (Figure 11). 

- 
V~ 
,I 

These oarameters :vere Cd, Hl/b, Hz/b, S/b, and 
(P:;;-'b) ' 

The coefficient discharge, C is  defined by: 

where Q i s  the discharge, b is the gate opening, B is the crest  
length o r  width between piers, g i s  the acceleration of gravity, 
and H1 is the depth of headwater with the crest  a s  the datum and 
measured one bay width upstream from the skinplate. 

The parameter, H l  /b, i s  called the "headwater parameter, " 
Hz/b i s  designated the "tailwater parameter, "where H2 is the 
tailwater depth above the 'crest  measured two bay widths down- 
stream from the skinplate. S/b  is called the "submergence param- 
eter" where S i s  defined a s  the depth of water above the crest  at . . 
the downstream face of 11:; skinplate. l'hb ratio --s~) i s  the. avg 
"lip pressure head coefficient" where (Pavg - b) is the average - '  

pressure head on the bottom of the gate iip and (PWg) is the aver- 
age piezometric pressure on the gate lip with the overflow cres t  
at the datum. 

8 



Coefficient of discharge. The coefficient of discharge for free- 
flow conditions, as defined by Equation (I), follows the upper 
dashed lined curve in Figure 1EA. However, for submerged flow 
conditions Cd becomes a function of both the headwater and tail- 
water parameters, H /b and H2/b and takes the form of a ser ies  
of curves (Figure 11A. 3 

. . Submergence parameter. Because the buoyancy of the downstream 
structural members was to be separated from the other vertical 
forces, the relationship of submergence on the downstream face of 

.- the gate with respect to the headwater and tailwater had to be de- 
termined. To do this, the headwater parameter Hl /b was plotted 
versus the tailwater parameter ~ 2 / b  with the submergence param- 
eter  S /b  a s  the third variable (Figure 11B). The 45" line passing 
rhrough the origin represents the no -flow condition when the three 
parameters are  equal to each other. The determination of the con- 
dition of when free discharge i s  first attained as  the submergence 
approaches a value equal to the gate opening is difficult because of 
the fluctuating water surface in the downstream roller. Therefore, 
a shaded parabola was used and designated a s  S/b  approximately 
equal to one. Any combination of HI /b and H2/b below the shaded 
parabola represenzs a definite free-flow condition. 

~n te r r e l a t i onsn i~  of submergence and pressure head on lip. Early 
in the fixed-mode t~?sting program. i t  was noted that .the Dressure - -  - 
heads on the gate $3 were nearly equal to the depth of submergence 
on the downstream face of the skinplate. To substantiate this ob- 
servation, average values of the pressure head were computed and 
plotted in the form of (Pav b) versus (S - b) (Figure 11C). The 
plot clearly demonstrates 51- at the downstream submergence and 
the pressure head on the gate lip a r e  equal and identical for the 
Red Bluff gate. 

Lip pressure head coefficient. It was assumed t h a ~  the pressure 
head coefficient is a function of t'ne headwater and tailwater param- 
eters, i. e., 

This assumption was verified directly from the model data. How- 
ever, since it was previously established that (S - b) is equal to 
(Pavg - b),' values of Yl /b were computed and plotted for assumed 
values of S /b  and pressure head coefficient (Figure 11D). Values 
of H2/b were determined from Figure 11B. The 45O line passing 
through the origin represents zero pressure head coefficient o r  the 
no-flow condition. The zone of definite f ree  flow is below the shaded 



Forces  that can be determined from fixed-mode tests.  At this 
stage of the study it was possible to compute the resultant vertical 
forces on the gate due to buoyancy and lip pressures for  any com- I. 

bination of headwater, gate opening, and submergence. The head- 
water was used to compute the force on the top of the gate lip pro- 
jection. The amount of submergence was determined by using the 
gate opening and headwater in conjunction with Figure 11. The sub- 
mergence head, being equal to the bottom lip pressure, was used 
to compute the vertical force on the gate lip seal. The difference 
of absissa between the two curves in Figure 10 was used to deter- 
mine buoyant forces due to structural members on the downstream 
face of the gate. These computations were done for arbitrary gate 
openings of 1. 6 5  and 2.58 feet prototype and piotted in Figure 1 2  
a s  examples of how the combined forces of the gate l ip and buoyancy 
vary with respect to submergence. T;le curves of these computa- 
tions a r e  shown a s  solid lines. 

It should be noted that other information is needed,to truly evaluate 
the vertical forces on the gate. In the fixed-mode tests  other possi- 
ble sources of vertical forces have not been taken into account. 
These are  deflection of flow from the gate slot, drag on the skin- 
plate, drag of downstream roller passing through bow t russes  and 
compartmentation of a i r  or water in u r  on parts of the gate structure. 

To more fully evaluate vertical f b x e s  on a complicated structure 
like Red Bluff Diversion gate it was necessary to use the weighing 
technique in which the gate was freely suspended so that the total 
vertical force could be measured. 

Freely Suspended Mode Tests 

Horizontal forces on gate. In the earlier stages of the freely sus- 
pended mode tests  it was noted thal. the measured horizontal forces 
agreed closely with those normally computed by designers. Any 
differences between the measured and computed values could rea- 
sonably be attributed to sealing differences between the prototype 
and mode1 and to model measuring devices which a re  discussed 
subsequently under "Evaluation of Instrumentation and Technique. " 
Consequently, no analyses of horizontal forces a r e  presented in 
this report. 

Effect of slot jetting on vertical force rneasm:ements. Slot jetting 
had considerable influence upon the resultant vertical forces meas- 
ured on the model gate. Therefore, i t  was neces'&rY to establish 
qualitatively the difference in jetting in the model whei:*e gate was 
floating in the slot and when it was completely sealed on the up- 
stream face a s  i s  the case for the prototype. It was questioned 
whether the jetting in the model was caused more by the leakage 
necessary to keep the gate floating so that downpull could be meas- 
ured, o r  caused more by the expansion and deflection of the main 



flow in the slot below the gate iip. To obtain a better insight of the 
jetting action, the model was operated at rwo gate openings in the 
free-flow condition. Fo r  both openings the headwater elevation was 
maintained at 18 feet. F o r  each of the gate openings, closeup photo- 
graphs were taken of the downstream slot region for three conditions 
of sealing, Figures 13 and 14. The f irst  condi t i~n was with the gate 
freely suspended in the slot and just clearing the slot seal projection; 
the second condition was with the gate pulled upstream with the skin- 
plate fixed against the seal projection; and the third was with the 
gate fixed against the projection and completely sealed with model- 
ing clay. 

The photographs clearly show that for  a gate opening of 2. 6-foot 
prototype, the jetting action in the slot region is essentially the 
same for all three conditions of sealing. However, for the smaller 
gate opening (1. 2-foot prototype), the deflected jet was impinging 
upon the underside of the bottom t russ  web membrane slightly more 
than when the gate was floating in the slot than when fixed o r  when 
fixed and sealed. There a r e  other combinations of headwater, gate 
openings, and submergence where part  of the deflected jet folded 
around the end of the gate and collected on top of the web membranes 
in the compartments at the slot ends of the gate. 

During the course of both the fixed and freely suspended mode tests, 
it was founc' that the variation in jetting action was highly sensitive 
to the headwater, gate opening, and submergence. These factors 
predominated over the condition of sealing. 

Submerged vertical force measurements. To obtain a better in- 
sight of the effect of the sources of vertical force that could not be 
measured by the fixed-mode tests, freely suspended mode data 
were obtained for the same gate openings and range of submergences 
that were plotted from fixed-mode data (Figure 12). These sources 
are,  slot flow, skinplate drag and compartmentation of a i r  o r  water. 
The freely suspended mode data points were also plotted in Figure 12 
and their curve trend denoted by dashed lines. Comparison of the two 
modes of testing shows that the freely suspended mode data a r e  off- 
set in the uplift direction. Therefore, contrary to expected results 
the drag of the downstream roller passing through the bow t russes  
was minor relative to uplift caused by the deflected slot flow imping- 
ing on the underside of the web membrane. Furthermore, the two 
se t s  of curves show that downpull continually increases a s  the flow 
conditions approach free discharge and maximum downpull would 
occur at some gate opening during unsubmerged flow. 

F r e e  discharge vertical force measurements. Runs were made to 
determine the gate opening that results in the maximum downpull ,, 



force on the gate for free discharge conditions. The gate was set 
to represent a 1.16-inch prototype opening and the discharge was 
adjusted until the headwater was at the design operation level. The 
horizontal tensioning was adjusted to assure that the gate was just 
f ree  of the slot seal projection and the measurement of the down- 
pull was recorded. The gate opening was increased in  2.33-inch 
prototype steps, the water surface was maintained at full operat- 
ing head, and records were made of the vertical force. The re-  
sults of these tests  a r e  i n  tabulated form in Table I11 and as  a curve 
of gate opening versus vertical force (Figure 15). 

Maximum downpull. The maximum downpull occurreci with free- 
discharge conditions and was about 13, 000 pounds. This downpull 
occurred at an opening of about 5-114-ii:rhprototype. 

EVALUATION OF 1NSTR.UMENTATION AND MODEL TECHNIQUE 

The instrumentation and model techniques were adequate for ob- 
taining the information desired from the model study. However, 
they were cumbersome and time consuming for small openings .. 

and/or for small submergences. The source of the most trouble 
was the difficulty of maintaining the gate in a stable floating con- 
dition while headwater was being adjusted and while measurements 
were being obtained. It is  recommended tha$in future studies of 
this type that a thorough survey be made ofjthe present knowledge 
of the use of a i r  as  in "almost frictionless" b a r i n g s  and "near 
surface vehicles. " By this means, dependent$ on horizontal wires 
might be eliminated. The air  jets could possibly be designed to 
prevent undesirable water leakage that migki effect vertical force 
measurements. Ease and fineness of ad,iustment might be  increased 
by valve controls on the a i r  supplies. In the event horizontal wires 
are  necessary, consideration should be given to using four parallel 
wires, thereby giving a parallelogram-type movement a s  the gate 
shifts from side to side rather than the pivoting movement obtained 
with the yoke and two-wiqe system used in this study (Figure 6). 

The flexing bar and i t s  strain gages worked very well for measur- 
ing vertical forces. However, changing the gate opening was cum- 
bersome. This fault could be overcome by quick-acting and syn- 
cronlzed powered raising and lowering me~hanisms .  

The horizontal strain gage tubes used to measure wheel loads on 
the gate worked satisfactorily provided great care  was taken in 
assuring that no torsion was applied to the strain gege tubes during 
measurements. The strain gages were arranged to be compensating 
for bending and for temperature. 



The Sanborn multichannel recorder operated satisfactorily during 
this study. However, better use could have been made of it, and 
more complete data could have been obtained if additional automa- 
tic equipment had been available. As an example, downpull read- 
ings were taken with the gate set at specific, essentially fixed open-' 
ings. Average values of downpull were obtained visually from the 
record charts, and a plot of downpull versus openings was developed. 
A better system would have been to continually move the gate through 
opening and closing cycles, maintaining appropriate head and dis- 
charge conditions by automatic controls, and obtaining readouts 
from data averaging electronic equipment, In this manner, very 
accurate, descriptive, and complete downpull histories would be 
relatively quickly obtained. 
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Table I1 

FRFELY SU-m r n E  DATA 
Vertical Force on Gate during Submerged Flaw 

YII1 = &foot prototype 
L 

Model 

force ,w 
- - - - - - - - - 
643 
643 

1,290 
2,570 

I I I I 

*See Figure 11 f o r  s p ~ b o l  definitions. 
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Unsulrmerged flaw 
&gri Dawnnull Detelroi 
$1 
7 

*See Figure ll f o r  symbol def in i t ions .  

bY 

(in.) 

0.91 

2.90 

5.23 
7.55 
0.583. 
2.90 
5-23 
7.55 

! 

Dam- - 
3% 

5,150 
7,080 

12,900 
a,O40 
6,435 
9,010 

12,900 
9,650 











Figure 5 
Report Hyd-511 
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Figure 8 , 
Report Hyd-511 

Flexing bar installed in model 
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Figure 13 
Report Hyd-511 

A. Gate floating in slot 

B. Gate fixed against upatream slot seal projection 

C. Gate fixed and completely sealed on upstream 
face with modeling clay 
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Flow Conditions at Slot for Different Methods of 
Suspending and Sealing Model Gate 

Gate Opening (b) = 1. 2 Feet 
Head (Hi) = 18 Feet 
1:18. 6 Scale Model 



Figure 14 
Report Hyd-511 

A. Gate floating in slot 

B. Gate fixed against upstream slot 
seal  projection 

C. Gate fixed and completely sealed on up- 
s t ream face with modeling clay 
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Flow Conditions at  Slot for  Different Methods of 
Suspending and Sealing Model Gate 

Gate Opening (b) = 2.6 Feet  
. Head (HI) = 18 Feet 

1:18.6 Scale Model 



FIGURE I 5  
REPORT HYO 511 
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